During the austral winter of 1987 (June-August) at a semi-arid site in northcentral Chile, an outbreak of small mammals apparently was triggered by one episode of unusually high rainfall. From October 1987 to November 1990, we monitored the outbreak on a monthly basis on two equatorial-and two polar-facing slopes. Overall density on equatorial-facing slopes was 239 individuals/ha in spring 1987, increasing to a peak of 404/ha by summer 1988, and then steadily declining to a crash of 20/ha (5% of peak density) by spring 1990, with no signs of recovery. On polar-facing slopes, mammalian abundances were about onehalf those of equatorial-facing slopes. There were 112 individuals/ha in spring 1987, increasing to a peak of 199/ha by summer 1988, and then steadily declining to a crash of 8/ha (4% of peak density) by spring 1989. Since then, mammal populations on polar-facing slopes have been slowly recovering, reaching 11% of their peak density by November 1990. Of the eight species monitored, only three irrupted: the granivorous cricetid Phyllotis darwini, the omnivorous cricetid Akodon olivaceus, and the insectivorous didelphid Marmosa elegans. These three irrupted and declined in phase, simultaneously on the two oppositefacing slopes, such that their relative frequencies did not shift markedly. Two of the three folivores (Abrocoma bennettii, Octodon degus, but not Chinchilla lanigera), one granivore (Oryzomys longicaudatus), and one insectivore (Akodon longipilis) disappeared from the site, persisting longer on equatorial-facing slopes.
All authors concur that these mammal outbreaks are triggered by unusually high rainfall and subsequent pulses in plant growth. Pearson (1975) showed that the Peruvian outbreak was associated with an unusual rainfall of 81 mm in a locality characterized by a mean annual rainfall of 32 mm. He hypothesized, though, that two consecutive years of high winter rainfall seemed necessary to actually trigger the outbreak. Pffaur et al. (1979) showed that 1972 was the wettest year in a series of 6 (1970-1975) , but also implied that 2 consecutive years of heavy rainfall were necessary to produce an outbreak. Meserve and Le Bouleng6 (1987) reported that annual precipitation in Fray Jorge National Park averaged 69 mm between 1969 and 1976, but reached 255 mm during the peak outbreak year of 1972. They did not mention whether this precipitation was preceded by a higher-thanaverage rainfall the previous year. Summarizing various studies, Fuentes and Campusano (1985) found an overall significant association between high rainfall years and small-mammal outbreaks throughout northcentral Chile.
Because the winter of 1987 was unusually wet, we decided to begin monitoring densities of small mammals in a semi-arid locality of northcentral Chile. In Auc6, our chosen site, characterized by a mean annual rainfall of 206 mm (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) , annual precipitation peaked at 513 mm in 1987, 56% falling during 2 weeks of July. During the 2 previous years annual precipitation had been less than average (56 mm in 1985 and 158 mm in 1986), and so we were not expecting a small-mammal outbreak until the next year. But a mammalian irruption was already underway by October 1987 when we started monitoring small-mammal populations. Unfortunately, we had not accumulated baseline data on mammal densities before the rainy winter. Nevertheless, we were able to monitor the increase phase (6 months) as well as 32 months of the decrease phase of the outbreak. Thus, here we can report both the maximum (peak) as well as the minimum (crash) densities of all species involved. In addition, our study gives simultaneous consideration to two typical habitat types in rugged areas of northcentral Chile: equatorial-and polar-facing slopes. 
MATERIALS AND METHODS

The study site was Las Chinchillas
RESULTS
Equatorial-facing slopes. -In order of decreasing total abundance, the eight species we trapped were (Table 1) : Phyllotis darwini (Cricetidae), Akodon olivaceus (Cricetidae), Octodon degus (Octodontidae), Chinchilla lanigera (Chinchillidae), Marmosa elegans (Didelphidae), Oryzomys longicaudatus (Cricetidae), Abrocoma bennetti (Abrocomidae), and Akodon longipilis (Cricetidae). Coefficients of variation for population densities were similar for all species (102-141%), except for C. lanigera, which had a surprisingly low population variability (49%). Total mammal density during our study period began with 239 individuals/ha in spring 1987, increased to a peak of 404/ha in summer 1988, and fell from 378/ha in autumn to 200/ha in winter of the same year. Then densities declined further to 193/ha in spring 1988, through 32/ha in spring 1989 and to 20/ha in spring 1990, when the study was terminated (Table 1) . Thus, crash densities at the end of the study represented about 5% of those at peak. As of November 1990, overall densities had shown no clear signs of recovery, after 3 dry years (<105 mm precipitation).
Only three of the eight species monitored at equatorial-facing slopes clearly irrupted, i.e., displayed an increase phase from spring 1987, before a well-defined peak, and declined to less than one-half that peak abundance the following winter, thus completing an annual cycle (Table 1) . Of the three, P. darwini was the most abundant, but sustained population loses that reduced its density to 6% of those at peak (305 to 17/ha).
A. olivaceus declined to 2% of its peak density (from 56 to 1/ha), and M. elegans to 10% (from 21 to 2/ha). Note that P. darwini peaked earlier (summer 1988) than the two other species (autumn 1988).
Most of the less-common species for which we detected no clear irruption, nonetheless disappeared from the study site towards the latter phase of our study (Table  1) . A. longipilis (peak density = 3/ha) was the first to disappear from the grids during winter 1989, 0. degus (peak density = 23/ ha) was last captured during autumn 1990, and both A. bennetti (peak density = 5/ha) and 0. longicaudatus (peak density = 12/ ha) were last captured during winter 1990. The apparent disappearance of C. lanigera (peak density = 14/ha) after autumn 1990 was not real; at the request of Reserve officials we shut down the Tomahawk-like traps in June 1990.
Polar-facing slopes.-Here we trapped the same species as before except for C. lanigera (Table 1) , which does not inhabit polar-facing slopes at the site. The same sequence of decreasing total abundance as on equatorial-facing slopes was observed, except that 0. degus ranked fifth instead of third. Coefficients of variation for population densities were higher here than on equatorialfacing slopes for all species except M. elegans and P. darwini.
Total density of mammals began with 112 individuals/ha in spring 1987, increased to a peak of 199/ha in summer 1988, and fell from 185/ha in autumn to 72/ha in winter of the same year. Densities increased to 97/ ha in spring 1988, then steadily declined toward 8/ha in spring 1989, and again increased to 22/ha in spring 1990 (Table 1) . Thus, crash densities did not persist here to the end of the study, but were reached 1 year before (spring 1989) and represented about 4% of those at peak (similar to the 5% observed on equatorial-facing slopes). Starting in December 1989, overall densities were showing signs of recovering on polar-facing slopes, unlike equatorial-facing slopes. Note that despite population densities following the same pattern here as on equatorial-facing slopes, total abundance was approximately one-half on polar-facing slopes.
The same three species as on equatorialfacing slopes irrupted on polar-facing slopes (Table 1) . Again, P. darwini was the most abundant, and its crash density in spring 1989 was 3% that at peak (146 to 4/ha). A. olivaceus declined to 6% of its peak density (from 49 to 3/ha), and M. elegans to 9% (from 11 to 1/ha). Here, both P. darwini and M. elegans peaked earlier (summer 1988) than A. olivaceus (autumn 1988).
The remaining four species did not irrupt. A. bennetti (peak density = 1/ha) was not captured at all during the first 7 seasons of our study, and starting in winter 1989 it was captured only sporadically. A. longipilis (peak density = 1/ha) was captured only once (spring 1988). 0. degus (peak density = 2/ha) was captured only during the first three field seasons. 0. longicaudatus (peak density = 2/ha) showed the same pattern as 0. degus, and was then captured during only 2 other seasons (Table 1) . None of these species appear to have resided permanently on polar-facing slopes.
DISCUSSION
In agreement with marked physiognomic, vegetational, and microclimatic differences between equatorial-and polar-facing slopes, there were clear differences between the small-mammal assemblages at these two habitat types. Whereas C. lanigera was present only on equatorial-facing slopes, the remaining seven species were only one-half as abundant on polar-than on equatorial-facing slopes. The rarefaction effect of this overall halving in abundance resulted in the four least common species (A. bennetti, A. longipilis, 0. degus, 0. longicaudatus) being only sporadically trapped at polar-facing slopes. The three most common species (P. darwini, A. olivaceus, M. elegans) resided continually on both slopes, but reached double their density on equatorial-facing slopes. Perhaps the productivity of equatorial-facing slopes was substantially increased because of the unusual water input olivaceus crashed, to about one-sixth its peak density over a 3-year period. P. darwini remained at rather stable density, while both A. longipilis and 0. degus increased their initial densities by 4 and 6 times, respectively. The overall result was that absolute population density of all species combined remained stable, and only their relative frequencies changed. In fact, the crash of the most irruptive species (A. olivaceus) in Fray Jorge National Park actually may have released populations of two others (A. longipilis and 0. degus).
At Auc6, however, relative frequencies of the three irruptive species remained stable throughout the study period (Table 1) Why did three species with such divergent diets irrupt at all? We lack data on vegetation, seed, and insect productivity, but it is reasonable to expect that the heavy rainfall in winter 1987 resulted in unusually high production of foliage and (later) seeds, and, consequently, of herbivorous insects as well. Our anecdotal observations at the site corroborate this. Such a pulse in productivity can explain the irruptions and subsequent declines of all three species even though the failure of other species to irrupt is still unexplained. The years when the decline has been occurring are characterized by well-belowaverage rainfall (<105 mm). Whether the species have been declining owing to higher mortality, decreased or nil reproduction, or both, is unknown. That the decline was reversed first on the more mesic polar-facing slopes may speak to the role of a more sus- (Rosenmann et al., 1980) . With their distinctive feeding specializations, these three species in Auc6 apparently constitute a resilient core of small mammals that persists even under resource scarcity in temporarily harsh environments, and takes full advantage of resource flushes by irrupting in classic fashion. The evidence discussed herein--outbreaks apparently triggered by unusual high rains and subsequent increased productivity-speaks to a role of extrinsic factors in affecting the population dynamics of at least some small mammals in northcentral Chile.
